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DMF N, N-dimethylformamide 
DMSO dimethyl sulfoxide 
EA ethyl acetate 
EDCI 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride 
Et ethyl 




PE petroleum ether 
Ph phenyl 
SEMCl 2-(trimethylsilyl)ethoxymethyl chloride 

































针对 RET 激酶的抑制剂有望用于相关非小细胞肺癌的治疗。 
本论文以三类含氮双环母核为基础，以 KQF-04-013-01 为先导化合物（lead 
compound），辅助以蛋白质结晶结合模式图分析、活性拼接和骨架跃迁等药物化





013-01，具有抑制 RET 激酶的活性。我们以 KQF-04-013-01 作为先导化合物，
设计合成了一系列咪唑并吡嗪衍生物和吡咯并嘧啶衍生物，通过系统的生物活性
评价和构效关系分析获得了活性进一步提高的 3 个化合物: IA-3、 IIA-6 和 IIA-





RET 显示了良好的活性（IC50 = 54 nmol/L）。 
综上所述，本论文研究了一系列以咪唑并吡嗪、吡咯并嘧啶和噻吩并嘧啶结
构为母核的小分子蛋白激酶抑制剂，并较为系统的研究了这三类含氮母核衍生物








































































Protein kinase is an important signaling messenger in human life. Small molecule 
protein kinase inhibitor can be designed on the basis of protein kinase structure. In 2001, 
Imatinib was the first kinase inhibitor, approved by FDA, serving as a milestone in the 
field of targeted cancer theraphy. Until now, 32 small molecule kinase inhibitors have 
been approved by FDA and achieved great success in clinic. RET, encodes one of the 
receptor tyrosine kinases, which are cell-surface molecules that transduce signals for 
cell growth and differentiation has been reported as a new oncogene in NSCLC. 
Therefore, RET has emerged as a promising therapeutic target for NSCLC therapy. 
In this thesis, three nitrogen-containing bicyclic scaffolds were utilized for the 
optimization of lead compound KQF-04-013-01. Based on co-crystal structure analysis, 
active fragment assembling and scaffold hooping, 71 small molecule kinase inhibitors 
targeting RET were designed and synthesized for the development of  novel RET 
inhibitors with good selectivities and activities. And their activity against RET has been 
evaluated by MTS experiment. 
In the first part of this thesis, we focused on the structure-activity relationship 
study of imidazo-pyrazine and pyrrolopyrimidine compounds. KQF-04-013-01, an 
imidazopyrazine compound, was identified as an inhibitor of RET kinase by screening 
the early small molecule compound library. Using KQF-04-013-01 as a lead compound, 
a series of imidazopyrazine derivatives and pyrrolopyrimidine derivatives were 
designed and synthesized. Structure-activity relationship study led to the identification 
of compounds IA-3, IIA-6 and IIA-12 exhibiting improved activities with IC50 values 
of 4, 22 and 51 nmol/L, respectively. 
In the second part of this thesis, we studied the structure-activity relationship of 
thienopyrimidine compounds. Based on the structure-activity relationship analysis in 
the first part, we retained the substituents of the pyrrolopyrimidine derivatives, replaced 
















In summary, we have identified a series of imidazopyrazine and pyrrolopyrimidine 
derivatives representing by IA-3, IIA-6 with good potency and selectivity against RET. 
These results provide a good starting point of further drug development for targeting 
RET. 
 














































对于蛋白激酶的研究始于 20 世纪 50 年代，在 90 年代随着 MAPK/ERK、
JAK 及 PI3K 等信号通路的揭示而达到一个研究热潮。迄今为止，在人体中发现




























图 1 七种抑制激酶信号通路的机制[7] 





β 折叠为主的 N 端(N-lobe)，一个含 α 螺旋的 C 端(C-lobe)，以及一个连接铰链区




















位点。II 型抑制剂结合于激酶的非活性构象 DFG 结构的天冬氨酸残基，自 ATP
结合位点向外突出。由于 DFG 结构的旋转特性，很多 II 型抑制剂的设计会寻找
一些毗邻 ATP 结合位点的特别的口袋进行结合。在 III 型结合模式中，抑制剂仅





图 2 四种可逆抑制剂结合模式图[12] 
Figure 2 Four types of reversible binding mode 
 
选择小分子激酶抑制剂作为治疗肿瘤的药物有一定的优势：其一，小分子化




























抑制剂类药物 Imatinib 获得 FDA 批准，成为本领域发展的里程碑。此后十年，
此类药物以平均每年获批一种的速度稳步发展，与此同时,我们对激酶信号传导
网络和疾病病理学的理解也在逐年增长。在 2012 年 1 月至 2015 年 2 月期间，小
分子激酶抑制剂类药物迎来空前的爆发式增长，共有 15 种新药获得 FDA 批准；
到 2015 年 4 月，共有 28 个小分子激酶抑制剂获得批准[12]；截至 2016 年 12 月
底，共有 31 种小分子激酶抑制剂类药物获得审批，同时还有大量的小分子激酶
抑制剂类化合物处于临床或临床前研究中[14]。 
在这里，我们主要介绍 FDA 批准的七种针对 RET 的可逆型 RTK （receptor 
tyrosine kinase）抑制剂： 
1. Sorafenib & Regorafenib 
 
图 3 索拉非尼和瑞戈非尼 
Figure 3 Sorafenib and Regorafenib 
 
2005 年 FDA 批准对甲苯磺酸索拉非尼片(Sorafenib)上市。Regorafenib 
(Stivarga，Bayer) 是其姊妹产品，是由拜耳和美国生技制药公司联合开发的一种
多激酶抑制剂，通过抑制多种促进肿瘤生长的蛋白质激酶，靶向作用于肿瘤生成、
肿瘤血管发生和肿瘤微环境信号传导的维持。2012 年 9 月 27 日美国食品药品监
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